Abstract A major issue for the simulation of two-phase flows in engines concerns the modeling of the liquid disperse phase, either in the Lagrangian or the Eulerian approach. In the perspective of massively parallel computing, the Eulerian approach seems to be more suitable, as it uses the same algorithms as the gaseous phase solver. However taking into account the whole physics of a turbulent spray, especially in terms of polydispersity, requires an additional modeling effort. The Mesoscopic Eulerian Formalism (MEF) [13] accounts for the effect of turbulence on the disperse phase, and was extended to the Large Eddy Simulation framework [41], but is limited to monodisperse flows. In [38], the influence of polydispersity on resolved and unresolved turbulent motions of the disperse phase was highlighted, and a first model was proposed, based on size-conditioned statistics. Starting from this (MMEF), is then able to capture polydispersion with associated size-conditioned turbulent dynamics. First, the importance of polydispersity and the ability of MMEF to capture it are highlighted with a 0D evaporation case and a 2D vortex case, showing its impact on dynamics in both size and physical spaces. Then, the MMEF is applied to the MERCATO configuration of ONERA [18]. Results are compared to monodisperse Eulerian, Lagrangian and experimental results.
idea, a coupling between the MEF and the Multifluid Approach (MA) [30] is proposed. The MA decomposes the Eulerian phase into several fluid classes called sections, and corresponding to size intervals. Each section uses then size-conditioned closures. The original idea of this work is to use the MEF closures independently in each section, taking into account the mean droplet size of this section. This new approach, called Multifluid Mesoscopic Eulerian Formalism (MMEF), is then able to capture polydispersion with associated size-conditioned turbulent dynamics. First, the importance of polydispersity and the ability of MMEF to capture it are highlighted with a 0D evaporation case and a 2D vortex case, showing its impact on dynamics in both size and physical spaces. Then, the MMEF is applied to the MERCATO configuration of ONERA [18] . Results are compared to monodisperse Eulerian, Lagrangian and experimental results.
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Introduction
Considering available computational resources, Large Eddy Simulation (LES) becomes more and more attractive for industrial applications. For single-phase reacting flows, LES has already shown its great potential for aeronautical combustors [33, 53] or automotive engines [29] .
For two-phase reacting flows, simulating the whole physics from injection to turbulent dispersion is still a challenge as the simulation of the primary atomization requires accurate models and high computational resources [9, 40] . Furthermore most methods used to simulate the primary atomization are not adapted to subsequent turbulent spray. Fortunately, the primary atomization occurs in a limited zone near the injector and, in first approximation, can be accounted for by representative boundary conditions [36, 52] .
Assuming point-particles by comparison to the smallest flow resolved scales (estimated by the mesh size), the disperse phase statistics can be described by the number density function (NDF), which is solution of the Williams-Boltzmann Equation (WBE, [62] ), describing its evolution in phase space. Solving the WBE directly is completely unreachable, due to the high number of dimensions of the phase space. Instead, Lagrangian methods, like the Direct Simulation Monte Carlo [3] method, build statistics by tracking stochastic particles, or like the Discrete Particle Simulation (DPS, [48] ), consist in tracking particles of one individual realization of the disperse phase. Numerous studies have used this approach with success [1, 22, 43] , and shown its great potential (ease of modeling, computational time with small number of particles), but also its main drawbacks (projection on the Eulerian grid to couple with the gas phase, computational time with high number of particles, statistical convergence). Finally, Eulerian approaches solve the moments of the NDF (such as mean number density or volume fraction). This implies a loss of information, as moments are integrals of the NDF, but results in Eulerian equations to which classical methods for the gas phase may be directly applied. The CPU cost then depends only on the mesh size. In such methods, two main issues arise, concerning the modeling of the effect of turbulence on the spray, and the polydispersion in size
